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PRESSURE DISTRIBUTION OVER AN AIRFOIL SECTION WITH A FLAP AND TAB

By CARLJ. WENZINGBR

SUMMARY

%%sure-distribution teat+?of a Clark Y aiq%il w“th a
@p and an inset tab were made in the N’. A. C. A. 7-
by 10-foot wind tunnel. T7u premures were m.emwred
on boththe upper and lower surfactx at one chord swtion.
CakndatwrMwere mad-eoj th nomnul+orceand pitching-
moment cae@ierd8 of the airfoii section wiih jizp am?
tab, the nmnud-force and hinge-moment coej3c&ni8of the
@p 8ection with tab, and the normal-force and hinge-
mo?nmt 120t@&nt8oj thetab 8wtim a.bn.e. In addiihbn,
compari.son9were madeoj the th.areticaland experimental
valuesfor an a.irfoi?wiih a multiply hingd~p system.

It was found thai peak vidua of the h3%meni8 of re-
wl.tant pre8.wwe8due to *p or to tab deflation occurred
at thefbp and tab hinges, mspectwely. ALso, the varia-
tiO?WOf h.7Wl.e71t8Of dfd 8t?di0119WlWld-fOTC8d
pitching-momentc4@%i&nt8and ojfip nomnaLforceand
hinge-momeni coej%%?n#8,dwe to j?up dq$?ectionuiih a
given tab setting, were practically independem!of the tab
dejhtion. In addition, the vuriuiion oj increments of
tab norn@force and hi~e-monwni coejZient8 with tail
deflectionjor a given *p 8etting win practically inde-
pendent ojj?ap o?ej%ction. Compari.sm of thetheoretical
with the aperimentcd force8 and momentsjor the airfoil
sectbn with&p and tab 8howthai th ihoy agreesjair~y
weU with aperim& for small @p dej?ectiorwwith the
tab neutral, but that the theory indicates much greater
eJect8 thun are actdy obtained when th jlap amdtab
are simu?taneoudy o?q?ected.

INTRODUCTION

A considerable number of airplanes are fitted with a
small flap on one or more of the movable control sur-
faces. Such an rmxi.liaryflap is ordinarily referred to
as a “tab” and is usmdly set into the trailing edge of the
control surface. When the tab is used to reduce the
hinge moments of a control surface, it is known as a
“bakmcing tab”; when used to trim the airplane in
place of an adjustable stabilizer or fin, it is referred to
as a “trimming tab.”

The chief aerodpamic characteristics of tabs axe
covered in reference 1, which describes an investigation
of a wing with several mmngemanta of ailerons and
tabs, alone and in conjunction with other types of
balancing arrangements. In reference 1 data are also

included from tests of a tail surface of average propor-
tions with several diilerant tabs.

Because of the rapidly increasing use of tabs, par-
ticularly on tail surfacea where they replace the ad-
justable fin and stabilizer, there is a demand for in-
formation that ean be used for stress-analysispurposes.
In this connection, the designer desires to know the
magnitude and distribution of the air forces acting on
the variow surfaces and the moments about the hinge
axes so that the structure, supports, and control
mechanism can be designed for maximum efficiency.
The present invea~mationwas therefore nndertalmn to
make avaiIabIe information that would be of immediate
use in the foregoing design problems.

The tests consisted of pressure-distribution measure-
ments over one chord section of an airfoil with a flap
and a tab. From the data obtained, calculations were
made of normal-force and pitching-moment coefficients
for the airfoil section with flap and tab; both normal-
force and hinge-moment coefficients were computed
for the flap section with tab and for the tab section
alone. .

APPARATUS AND TESTS

The N. A. C. A. 7-by 10-foot wind tunnel, in which
the tests were made, is described in reference 2. A half-
span Clark Y airfoil (fig. 1) that had originally been
built for pressure-distribution tests of high-hft devices
w-asused. The model w-asaltered by installing at the
tip a flap having a chord 30 percent of the airfoil chord
and a span 40 percent of the half-span model. An inset
tab was mounted at the trailing edge of the flap, the
tab size and location being selected as representative
of the average. The tab chord was 20 percent of the
flap chord and its span was 50 percent of the flap span.
The gaps between the flap and the airfoil and those
between the tab and the flap were sealed with plasticize
for all tests.

The airfoil, flap, and tab were all constructed of lam-
inated mahogany to within &0.010 inch of the specified
ordinates. A row of small ori.iiceswas installed in the
upper and lower surfaces at one chord section located at
the center of the span of the flap and tab. (See fig. 1.)
This location was 20 percent of the semispan of the
model inboard of the rectangular tip so that satisfac-
tory section characteristics could be obtained which
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would be outside the inihmnce of the usually high local
tip pressures. The half-span model was set up in con-
junction with a reflection plane at its inboard end, the
plane extending from top to bo.$tom of the air stream
and some distance ahead of and behind the model.
A muMplMube alcohol manometer photographically
recorded the pressures on the airfoil section.

Pressllrm were measured for flap settings of 0°,
+ 15°, and +30° with the tab neutral. With the
flap neutral, pressureswere measured for tab settings of
+ 10°, +20°, and +30°. The pressures were then
measured for various combinations of flap up with tab
down and of flap down with tab up. The angles of
attack used in the tests (—5°, 0°, 10°, and 15°) covered

RESULTS

The results of the investigation, in their original
form, consisted of pressure diagrams for the section as
tested at different angles of attack and for different
tab and flap deflections. In order to facilitate the
interpretation and application of these results, the
pressure diagrams are presented in the form of “incre-
ment” diagrams, which represent the changes in pres-
sure distribution due to changes in the sigficant
vmiables. The pressure diagrams for the basic section
(i. e., neutral tab and flap) are also given so that the
resultant diagram for any case may be obtained by
addition of the increment and the basic-section dia-
grams. The principal advantage of the increment
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approximately the range from zero lift to maximum
lift.

Angles of attack and flap deflections were measured
with respect to the airfoil chord; tab deflections were
measured with respect to the flap chord. Positive flap
or tab angles indicate a downward deflection with
respect to the airfoil or flap chord. The tests were
made at a dynamic pressure of 16.37 pounds per
square foot, corresponding to an air speed of 80 miles
per hour under standard sea-level conditions. The
average Reynolds Number was 1,220,000, based on
the airfoil chord of 20 inches as the characteristic
length.

diagrmns is that they may, by the principle of super-
position, be applied to pressure diagrams for any other
basic airfoil section, including the symmetrical section,
that does not depart too greatly from the Clark Y sec-
tion on which the tests were made. The diagrams of
resultant-pressure distribution for the basic airfoil sec-
tion are given in iigure 2. The increments of resultant
pressure for vtious tab and flap deflections are pre-
sented in figures 3 to 6. The figures give the results for
a low-angl~f-attack condition, a= 0°, an”dfor a high.
angle-of-attack condition, a= 15°.

The important characteristics of the section aa a
whole and of the tab and flap, as functions of tab and
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flap deflection, are also plotted as increments. Thea[
increments were obtained by deducting the basit
section characteristics horn those for the section witl
deflected flaps, the characteristics being determined ir
each case by integration of the original pressun
diagrams. Calculations were made of the followky
quantities in which lower-case letters are used to indi
cate section coefficients:

Airfoil section normal-force cmflicientj c%=~

fii.rforf~fe:l pitching-moment %
T %4 ‘~

l?lap section norrmd-force coefficient,

I?lap section hinge-moment coefficient,

Tab section normal-force coefEcient,

Tab section hinge-moment coefficient,

n which
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C, _ h,
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nt
C“==,

h,
ch’=~

M is the resultant pressure force normal to the
airfoil chord.

~, tie corr~onti pi~~ moment about
the quarterdord point.

nf, the resultant pressure force normal to the
flap chord.

htj the corresponding moment about the flap
hinge.

n~, the resultant pressure force normal to the
tab chord.

L,, the corresponding moment about the tab
hinge.

The subscript w referi to the airfoil section with flap “
md tab; the subscript j to the flap section with tab;
he subscript t to the tab section alone.

The iutegratad coefficients for the basic airfoiI
;ection are plotted in fie~e 7 against angle of attack.
2urves giving the incremeniwfor various tab and flap
inflections are presented in figures 8, 9, and 10.

I?igures 11 and 12 are plots of theoretical paramete~
hdren born reference 3 and modified so as to apply
fiectly to N. A. C. A. absolute coefficients. Com-
@sons of theoretical with experimental values of the
;orces and moments for the Clark Y airfoil tested with
]eversl difhrent deflections of the tab and flap are
Jhmvnin figures 13, 14, and 15.

DISCUSSION

Pressure distribution.-The effects on the distribu-
tion of resultwn%pressureincrements due to tab or flap
~eflection are shown by figures 3 and 4. Deflections .
of the tab or of the flap produce peak values of the
pressure increments at the tab hinge or at the flap
hinge, respectively. H the tab and flap are deflected
simultaneously (tab deflection opposite to that of flap),
then peak values of the pressure increments occur at
both hinge axes but the resultant pressures act in
opposih directions. (See figs. 5 and 6.)

Section charaoteristios.-The characteristics of the
basic airfoil section given in figure 7 (tab and flap
neutral) exhibit no unusual tendencies. I?or a given
setting of the tab, the flap and tab may be considered
as a flap unit. Then the eilect of deflection of such a
unit will be similar to that for an ordinary flap (e. g.,
aileron, elevator, or rudder). increments to the basic
values of airfoil section normal-force and pit&ing-mo-
ment coefficients are given in figure 8 for various flap
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deflections with given tab settings. With the tab
deflected it will be noted that the curves are displaced
parallel b the curve for the unreflected tab. This
pmillel nature of the curves shows that the variation
of increments with flap deflection, considered with
respect to any given initial tab deflection, is independ-
ent of tab deflection. At 30° deflection of the tab,
however, the effectiveness of the tab appears to have
been considerably reduced so that tab deflections of
20° should not be exceeded with the smangements
tested.

Increments to the basic values of flap section normal-
force and hinge-moment coallhients are plotted in
figure 9 for various flap deflections with given tab
settings. The curves for the tab-deflected condition
are displaced parallel to the curve for the unreflected
tab, as was the csse for the airfoil section increments.
The variation of the flap increments with flap deflec-
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tion for a given tab deflection are likewise independent
of tab deflection.

Increments to the basic values of tab section normal-
force and hinge-moment coeilicients are given in
figure 10 for %mious tab deflections with given flap
settings. The curves for the ilap-deflected condition
sre also displaced approximately parsllel to the curve
for the undeflectad flap over the range of tab deflec-
tions from –20° to 20°. The curve9 show that the
variation of increment with tab deflection for a given
flap deflection is practically independent of flap
deflection.

Compari~on with theow.-Theoretical expressions
for the lift, pitching moment, and hinge moment for a
thin airfoil with any multiply hinged flap system have
been derived by Perring (reference 3). The following
relationships apply to a thin airfoil with a flap and
a tab, N. A. C. A. absolute coefficients being used:

a’ k the angle of attack of the main portion of the
airfoil measured horn zero lift of the un-
deformed section. (All angles are measured
in radians.)

%, oh,,, and C.+time moment coefficients M zero
lift of the undeformed airfoil.

ach, ach,
Parmnetem ~ and ~ are given in figure 12.

r

The curves given in figures 11 and 12 corrc-spendto
those given in reference 3 except that the values have
been calculated and the curves redmwm on the basis of
N. A. C. A. absolute coefficients.
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The theoretical and experimental values of airfoil
section nonnrd-force and pitching-moment coefficients
are compared in figure 13. The data show that the
theory agrees fairly well with experiment for flap de-
flections from 0° to+ 15° with the tab neutral. Similar
agreement was found in comparing data horn reference
4 which deals with tests of a 30-percent-chord flap.
Reference 5 also shows good agreement of theory with
experiment for small angulax deflections with flaps 20
percent of the airfoil chord. With the tab and flap
both deflected, howevar, the present investigation
shows that the theory indica~ considerably greater

air near the trailing edge of the airfoil and is therefgre
unable to produce its full effect.

CONCLUSIONS

Based on the arrangement of airfoil section, flap,
and tab tested, the following conclusions m~y be drawn:

1. Peak valuea of the increments of resdant pres-
sures due to flap or to tab deflection occurred at the
flap and tab hinges, respectively.

2. The variation of increments of airfoil section
normal-force and pitching-moment coefficients and of
flap normal-force and hinge-moment coefficients, due to
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.Mecta on the airfoil section normal-force and pitching- flap deflection with a given tab setting, was practically
moment coeiiicients than are actually obtained by independent of the tab deflection.
experiment. 3. The variation of increment of tab normal-force

Theoretical and experimental values of the flap and hinge-moment coefficients with tab deflection for
hinge-moment coefficients am compmed in figure 14. a given flap setting was practically independent of flap
b in the case of the airfoil section coefficients, good deflection.
agreement is shown between theory and experiment 4. Comparisons of the theoretical with the exTeri-
when the tab is neutxal. With the tab deflected in a mental forces and moments for the airfoil section with
direction opposite tQ that of the flap, however, only flap and tab shows that the theory agrees fairly well
one-half to two-thirds of the theoretical &ect is ob- with experiment for small flap deflections with the tab
tained. Similar eflects were shown by comparisons neutral but that the theory indicates much greater
made in reference 6. effects than are actually obtained when the flap and

Values of the theoretical and experimental hinge- tab are d.multaneously deflected.
moment coefficients of the tab are compared in figure
15. This comparison shows a very poor agreement
between theo~ and experiment, probably because of LANGLEYMEMORIALhRONAUTICALLABORATOET,
the small-chord tab (6 percent of the airfoil chord), lTATIONALADVISORYCommrmm FORAERONAumcs,
which is operating in a somewhat turbulent region of hNGLEY hD, VA., Dumber i’0, 19$6.
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